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SPECIFICATION 

1, Title of the Invention: 

Vacuum Thin Film Processing Apparatus 

2. Claim; 

A vacuum thin film processing apparatus, comprising: 
a load and lock chamber for storing substrates which can 
be vacuumed; 

processing chambers for implementing a filming process 
on said substrates in a vacuum; and 

a pre-processing chamber disposed between said load and 
lock chamber and said processing chamber, having a mechanism 
for automatically transporting said substrates and capable of 
implementing a pre-processing of said filming process: and 

characterized in that said processing apparatus has a 
plurality of said processing chambers and is constructed so 
that a transportation path of said substrates between said 
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load and lock chamber and said plurality of processing 
chambers can be selected so that the filming process may be 
implemented on said substrate in at least one processing 
chamber selected from said plurality of processing chambers. 

3. Detailed Description of the Invention; 

The present invention relates to a structure of a 
sputtering apparatus for automatically forming thin films 
sequentially on a large number of plate substrates having the 
same shape by sputtering, and more particularly to a 
structure of a sputtering apparatus which allows to shorten 
a downtime of the apparatus caused by the maintenance of the 
apparatus and to increase a rate of net production time in 
the whole apparatus operating time. 

One exemplary field in which the present invention may 
be applied is a thin film fabricating process in a process 
for manufacturing integrated circuits. In that process, it 
is required, for example, to form a metallic thin film and an 
insulating thin film having a thickness of about 1 *i on a 
disc-shaped thin silicon wafer having a diameter of about 125 
mm and a thickness of about 0.5 mm. Because the lower the 
partial pressure of impurity gas within a vacuum container, 
the better the electrical, mechanical and physical 
characteristics necessary for the thin films to be fabricated 
may be obtained in general, it is desirable to shorten a time 
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exposed to the air as much as possible in the processing 
chamber for fabricating thin films by sputtering. Also for 
the same purpose, it is necessary not to bring a material 
body which may cause impurity gas into the processing 
chamber. Therefore r it is desired to limit a material body 
which is brought into the processing chamber to what is just 
necessary for transporting wafers and ideally, an apparatus 
having a structure by which only wafers on which thin films 
are fabricated are brought into the processing chamber is 
desirable. Further, it is desirable to automatically 
transport wafers without being directly touched by operators 
as much as possible when they are handled in order to 
fabricate uniform thin films efficiently on a large volume of 
wafers. Further, it is necessary to coat the surface of the 
wafer only by the thin film having a predetermined thickness 
and it is not desirable to have fine dust mixed therein or to 
create pinholes or the like where no film is coated. Due to 
that, it is preferable to hold wafers vertically within the 
processing chamber so that no dust deposit on the surface of 
the wafers, even if dust is produced, during the fabrication 
of the film. 

A vacuum system of the sputtering apparatus used for the 
purpose described above comprises, basically, a processing 
chamber for fabricating thin films on substrates and a load 
and lock chamber for inserting substrates before processing 
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from the air and for conveying the processed substrates to 
the air. Normally, the processing chamber is kept in a 
vacuum state in order to keep a partial pressure of impurity 
gas as low as possible and only the load and lock chamber is 
exposed to the air and is vacuumed every time when the 
substrates are brought in and out. A gate valve between the 
load and lock chamber and the processing chamber is opened 
only when the load and lock chamber is vacuumed to transport 
the substrates between each of the containers. 

By the way, in considering a production process for 
processing an extremely large volume of wafers for a long 
period of time, it is impossible, from the common sense, to 
operate the sputtering apparatus for the filming process 
continuously for a long period of time. That is, the 
apparatus is always stopped by some reasons, causing a need 
to destroy the vacuum of the processing chamber. Though it 
is undesirable for the producer, a case when the function of 
the apparatus cannot be performed by some failure is one 
reason of the unavoidable stoppage of the apparatus. 
Although the probability of causing a failure could have been 
reduced to the degree which causes practically no problem by 
making various efforts to improve the reliability of the 
apparatus, it cannot be completely eliminated from the 
aspects of economy and others. 

Rather, an apparatus having an adequate price is 
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operated with an adequate cost in general and the vacuum of 
the processing chamber is destroyed periodically to 
positively perform maintenance works. The maintenance works 
include a replacement of a wear old target material with new 
one, recovery of evacuation ability by refreshing a cryopump, 
removal of sputtered film adhered within the container, 
readjustment of a wafer transport mechanism, and the like. 
While the vacuum processing chamber is closed and is vacuumed 
again after the maintenance works, the partial pressure of 
the impurity gas in the processing chamber has to be lowered 
in order to obtain thin films having a certain quality as 
described before, so that preliminary operations such as full 
vacuuming, baking, pre-sputtering and the like have to be 
carried out taking a long time before entering the 
production. The rate of the net production time for 
fabricating thin films on the wafers and the operating time 
of the apparatus other than that, i.e. the total time of 
time during which the apparatus is stopped by the failure, 
time for restoring the apparatus, time of scheduled 
maintenance works planned in advance and time thereafter 
necessary for the preliminary operation before starting the 
production is influenced by various factors such as the 
structure of the apparatus and reliability of the parts used, 
propriety of operations and works and skill of the operators 
operating and maintaining the apparatus, degree of difficulty 
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of obtaining characteristics required for films to be 
fabricated and the like. However, the rate of the time for 
the maintenance and for the ensuing preliminary operations 
for re-starting the production in the whole time is 
considerably large in any sputtering apparatuses. For 
example, in the typical sputtering apparatus presently used, 
while the vacuum of the processing chamber is destroyed and 
the maintenance including the replacement of the target is 
carried out every time when 2,000 wafers are processed taking 
about 33 hours, it takes more than four hours, including the 
maintenance, before starting the next production. Another 
sputtering apparatus requires about 10 hours of maintenance 
and preliminary operations before the next production every 
time when 5,600 wafers are processed taking about 100 hours. 

Accordingly, it is an object of the present invention to 
provide a sputtering apparatus which solves the 
aforementioned problems, i.e. to provide a novel apparatus 
which can increase the rate of the net time for fabricating 
thin films in the whole operation time of the sputtering 
apparatus . 

The summary of the apparatus will be described. 
According to the present invention, a plurality of thin film 
processing chambers having the same function is provided 
within one vacuum thin film processing apparatus. During 
when the apparatus is normally operated, thin films are 
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processed in a first processing chamber among them and other 
processing chambers are not used for the processing. Then, 
in a stage when thin film processing works of predetermined 
planned time is finished and the processing in the first 
processing chamber is stopped to break the vacuum thereof to 
perform the maintenance work described above, the conveying 
path for sending substrates to be thin film processed is 
changed to a second processing chamber and processing is 
carried out in the second processing chamber. In parallel 
with the processing in the second processing chamber, the 
periodic maintenance work is done in the first processing 
chamber and following that, the preliminary operation for 
starting another processing is carried out. Because the time 
consumed for the periodic maintenance work and preliminary 
operation is generally shorter than the time during which the 
first and second processing chambers can bear the continuous 
work, the first processing chamber is ready to start 
processing again at the point when the time has come to stop 
processing in the second processing chamber to maintain the 
chamber. Accordingly, the processing of thin films may be 
carried out continuously by alternately using the first and 
second processing chambers having the same function. 
Further, even when an unexpected failure is caused and the 
processing chamber has to be repaired, this method allows to 
repair the failure while continuing the production by sending 
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substrates to be processed to another processing chamber not 
used till then. 

While the case when two processing chambers of the first 
and second chambers are alternately used has been described 
in the above explanation, there is practically no trouble in 
the continuous production by providing two processing 
chambers having the same function in general. However, the 
risk of interruption of the production may be lowered to the 
minimum in cases when the time consumed for the periodic 
maintenance and preliminary operation is relatively long or 
when a frequency of causing unexpected failures is high, by 
providing more than three processing chambers having the same 
function. However, it increases a volume of the occupied 
space as a whole apparatus and its price. In considering 
those points together, an apparatus provided with two 
processing chambers having the same function and which allows 
the continuous production is practically preferable. 
However, the present invention will not particularly limit 
the number of processing chambers having the same function. 

The present invention will be concretely explained 
hereinbelow with reference to the drawings. 

Fig. 1 is a diagram illustrating one example of a prior 
art sputtering apparatus. In the figure, the apparatus 
comprises a load and lock chamber 10, an intermediate storage 
chamber 20, a pre-processing chamber 30 and a sputtering 
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chamber 50, and gage valves 21, 31 and 41 are provided 
between each chamber. Each chamber is vacuumed independently 
by a pump not shown and is kept in the vacuum state. A new 
substrate is stored in a cassette 12 and is inserted to the 
load and lock chamber 10 from an inlet 11 of the load and 
lock chamber 10 and is taken out from there after finishing 
the filming process by sputtering. Provided within the 
intermediate storage chamber 20 are two cassettes 22 and 23. 
The intermediate storage chamber 20 performs roles of 
preventing the quality of the vacuum in the pre-processing 
chamber 30 and the sputtering chamber 50 from dropping due to 
the opening/closing of the load and lock chamber 10 and of 
conveying non-processed substrates and processed substrates 
without sacrificing the capacity of the whole apparatus per 
unit time, and the detailed explanation concerning to the 
structure and role thereof are given in Japanese Patent 
Application Nos. 55-169057 and 55-137802. The pre-processing 
chamber 30 plays a role of implementing preliminary processes 
such as heating of the substrates and sputter-etching on the 
pre-stage of the fabrication of the films by sputtering. The 
substrate is placed on either of four stages 26, 27, 28 and 
29. Among them, the stage 27 is used for heating or 
sputter-etching and the stage 29 is used for cooling, or the 
like. While the substrates are conveyed through and in the 
load and lock chamber 10, the intermediate storage chamber 20 

9 



and the pre-processing chamber 30 by a linear movement using 
a belt and a rotary movement centering on an adequate axis, 
the explanation thereof is given in detail in Japanese Patent 
Application Nos. 55-151815 and 56-35743. 

Within the sputtering chamber 50, a substrate 42 (shown 
by dashed line) in a horizontal state is rotated by 90° to be 
held in an almost vertical state as shown by the reference 
numeral 43 and then is rotated as it is by step of about 90° 
around a vertical axis 301 which is located almost at the 
center of the pre-processing chamber 30. A substrate 44 is 
heated by heating lumps 51 and 52 in a second state in the 
pre-processing chamber 30 and a filming process is 
implemented on a substrate 45 in a third stage. Similarly, 
another filming process is implemented on a substrate 46 in 
a fourth stage. Sputtering electrodes 60 and 60' are 
provided at the positions facing to the substrates in the 
third and fourth stage. The sputtering electrode comprises 
a target 61 and a cathode body 62 and is mounted on the wall 
of a vacuum container through an intermediary of an insulator 
63. A minus high voltage is applied to the cathode body 62 
by a sputtering power supply 70 via feed lines 71 and 72 (to 
earth potential). However, the wall of the metallic vacuum 
container is grounded by an earth source 81 and is kept in 
the earth potential. When a gas such as argon is supplied to 
the sputtering chamber 50 via a gas introducing system not 
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shown, a low voltage gas discharge is caused near the cathode 
and positive ions hit the target 61 and others, forming thin 
films by sputtering. In the whole apparatus, the substrate 
13 stored in the cassette 12 is stored once in the first 
cassette in the intermediate storage chamber through a path 
shown by an arrow a and then is advanced sequentially along 
arrows b, c, d, e, f , g, h, j, k, m, n and p and is returned 
to the second cassette 22 in the intermediate storage chamber 
20 after the filming process. Then, it is returned again to 
the original cassette position within the load and lock 
chamber 10 along an arrow q. This is how the prior art 
apparatus is operated. 

Fig. 2 is a diagram illustrating a preferred embodiment 
of a sputtering apparatus of the present invention. In the 
present embodiment, the structure and the conveyance of 
substrates within the load and lock chamber 10 and the 
intermediate storage chamber 20 are the totally same with the 
prior art example described above. However, two sputtering 
chambers 50 and 51' are provided symmetrically interposing 
the pre-processing chamber 30 therebetween through the 
intermediary of gate valves 41 and 41', respectively. Then, 
the same filming process with that described above may be 
performed by employing either one sputtering chamber. That 
is, a process employing the sputtering chamber 50 may be 
performed by conveying substrates sequentially along arrows 
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c, d, a, e, f , g, h, j, k and m and another process employing 
the sputtering chamber 50' may be performed by conveying 
substrates sequentially along arrows c' , d' f p, e' f f g', 
h', j', k' and m' . It should be noted that the stages 26, 27 
and 29 in the pre-processing chamber 30 are used to convey 
the substrates between the neighboring chambers and the stage 
28 is used for pre-processing such as heating and etching. 
As described before, while the filming process is performed 
using this apparatus, periodic maintenance works such as 
cleaning of the inside and replacement of jigs and targets is 
carried out by opening the sputtering chamber 50' to the air 
while closing the gate valve 41' and after that, the chamber 
is vacuumed again to be ready for the time when the planned 
operation time of the sputtering chamber 50 ends and the 
chamber is switched to the sputtering chamber 50', Further, 
even when a situation occurs which compels to open the 
sputtering chamber 50 to the air due to an unexpected 
failure, the apparatus may be repaired without interrupting 
the production for a long time by switching to the sputtering 
chamber 50' . 

While the concrete embodiment of the present invention 
has been explained above, the present embodiment may be 
applied not only to the sputtering apparatus but also to many 
thin film processing apparatuses using vacuum. In 
particular, a dry etching apparatus, plasma CVD apparatus, 
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vacuum deposition apparatus and the like are similar to the 
sputtering apparatus and the quality of vacuum during filming 
process influences significantly to the performance of the 
processing. Due to that, although it is taking a quite long 
time before operating the apparatus after the periodic 
maintenance and inspection of the processing chamber, the 
present invention eliminate this idle time to zero. The 
contribution of the present invention to the improvement of 
the productivity is very large and it can be said that the 
present invention is an useful invention industrially. 

4. Brief Description of the Drawings; 

Fig. 1 is a diagram illustrating a structure of a prior 
art sputtering apparatus; and 

Fig. 2 is a diagram illustrating a structure of a 
preferred embodiment of a sputtering apparatus of the present 
invention . 

In the drawings, the reference numeral (10) denotes a 
load and lock chamber, (20) an intermediate storage chamber, 
(30) a pre-processing chamber, (50) a sputtering chamber, 
(60) a sputtering electrode, (70) a sputtering power supply, 
(13, 24, 25, 26, 27, 28, 29, 42, 43, 44, 45 and 46) 
substrates . 
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